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The application of the eXtended Finite Element Method (XFEM) to linear elastic fracture mechanics
has proven optimal convergence rates for straight cracks. On the other hand, for curved or piecewise
linear cracks, analytical solutions are rarely known and only a few convergence studies exist in the
literature. This problem is further aggravated by difficulties in the choice of a suitable coordinate system
at the crack tip for the evaluation of the enrichment functions.
In XFEM for cracks, two level set functions are often used to locate the crack path and crack tip
position. For curved cracks, one of the level sets forms a curvilinear reference basis for the branch
enrichment functions which takes into account the curved crack path [1]. That is, in contrast to the
situation for a Cartesian coordinate system at the crack-tip, it is ensured that the negative x-axis always
aligns with the crack path [4]. When the branch enrichment functions are evaluated with respect to
such coordinate system, the discontinuity is always placed along the crack path no matter how large the
enrichment radius around the crack tip is. This is advantagous because larger radii lead to better results
in general.
Another factor affected by the choice of the coordinate basis is the interaction integral. The inter-
action integral is used to extract the stress intensity factors incorporating the XFEM solution and an
auxiliary state solution referring to a straight crack. Both solutions have to be adjusted to have the same
orientation and can be interpreted in curvilinear [5] or orthogonal coordinates [2]. A convergence study
on the best choice of coordinates for the J−integral in [3] shows that some extra studies have to be
carried out in order to achieve optimal convergence of the stress intensity factors.
The aim of this study is to investigate the effect of the coordinate basis on the branch enrichment
functions, the stress intensity factors and the convergence rates of the overall solution for curved or
piecewise linear cracks.
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